Objective: The aim of this study was to compare three-dimensional kinematic changes of the lower extremity between the two different braking distances during snowplow in alpine skiing.
INTRODUCTION
Alpine skiing began as a means of transportation in the Alpine mountains, and now it has developed into a sport of rapidly sliding down steep snowy surfaces. Despite the difficulties of measurement due to the environmental effects of cold and inclined snow surfaces, studies on alpine skiing have been conducted in various aspects through the development of precise measurements over many years to overcome such challenges. However, most studies have been conducted to improve the performance of elite alpine skiers (Gilgien, Crivelli, Spörri, Kröll & Müller, 2015; Supej, Hébert-Losier & Holmberg, 2015) . Other kinematic studies were conducted on intermediate and expert skiers in the interski area to develop new skiing skills and teaching methods to improve the skills of general skiers (Kim, Jeon et al., 2014; Kim, Yoo et al., 2014; Müller et al., 1998) . In South Korea, although the annual number of skiers has exceeded 6.6 million and most skiers are inexperienced, most ski instructors have trouble in relying too much on qualitative lesson guidelines to improve the skills of ski beginners, as not many quantitative studies on skiing in novice skiers exist (The Ministry of Culture,
Sports and Tourism [MCST], 2008).
Alpine skiers have a primary purpose in controlling speed and direction, as they slide down snow-covered mountains, while beginners who are new to alpine skiing learn how to snowplow (or pflug fahren), a basic braking technique to reduce speed (Hintermeister, O'Connor, Lange, Dillman & Steadman, 1997; Kuna, Dzajic & Males, 2015) . Snowplow is a technique that involves wearing the ski plates on both feet and forming an "A" shape, with a narrow front and wide rear, to generate constant resistance to the inertia caused by propulsion and usually used at slow speed or mild slopes as short as 2~4 m, whereas the ski plate is parallelized and braked by using side sliding at higher speeds or steep slopes (Lind & Sanders, 2004) . As the snowplow uses the edge of the ski plate when sliding down, the surface-plowing force at the edge of the ski plate controls the speed. When controlling the speed by using snowplow, the larger the edging by the size of the A shape, the greater the braking force due to the plowing force. Therefore, when teaching how to snowplow to beginners, the snowplow and edging angles between the two ski plates must be increased to increase the plowing force; it is common to ask them to bend and gather their knees (Lind & Sanders, 2004) . However, the guideline of teaching snowplow was based on the experiential knowledge of the expert alpine skiers 
METHODS

Participants
The subjects of this study were six instructors of the Korea Ski Instructors Association who could ideally perform snowplow. All the subjects who participated in the study were male and had no musculoskeletal system abnormalities (age: 25.3 ± 1.5 yr, height: 169.3 ± 2.9 cm, weight: 66.2 ± 5.9 kg, experience: 4.2 ± 2.9 yr). All the subjects received a full explanation of the experimental procedure before participating in the experiment, and the experiment was conducted only with the instructors who agreed to participate by providing written consent.
Measurements
All skiers spent enough time for warm-up and practicing snowplow, and then stopped by snowplowing on a groomed ski terrain with an average slope of -10°. As braking by snowplowing is performed at a slower speed in alpine skiing with the typical braking range of 2~4 m, 2 m was set as a sudden braking distance and 4 m as a normal braking distance. All the skiers performed three trials per braking distance (Figure 1) . The execution range consists of 20 m of run phase and 2 or 4 m of braking phase, and the entry speed in the runway was controlled at 3.5 m/s by using timing lights (Seed Tech, Korea). Eleven infrared cameras (sampling rates, 100 Hz; Oqus 300, Qualisys, Sweden)
were installed for motion analysis. A total of 37 reflection markers were used to model the lower limb, with a marker attached to each joint 
